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ABSTRACT
Crustal Evolution Educat1on Project (CEEP) modules

were designed to: (1) provide students with the.methods and results
of continuing 1nvest1gat1ons into the compos1t1on, history, and
processes of the earth's crust and the application of this knowledge
to man's atsivities and (2) to be used by teachers with little or no
previous. background in the modern theories of sea-floor spreading,
continental drift, and plate tectonics, Each module cansists of two
booklets: a teacher s guide and student 1nvest1gat1on The teacher's
guide contains all of the information'present in the student
.investigation booklet as well as: (1) a general introduction; (2)
- prerequisite student background; (3) objectives; (4) list of required
materials; (5) background information; (6) suggested approach; (7).
procedure, recommending three 45-minute class periods; (8) summary
questions (with answers); (9) extension activities; apd (10) list of
references. Assuming knowledge of magnetism, 1at1tude, longitude,

geograph1c poles, and mid-ocean ridges, activities give students ’ -

exper1enc with magnetic polarity and polarity reversal, including
using a cﬁgpass to determine magnetic fiedd direction, using data on
magnetic field direetion and.age of rocks in sea floor to find
direction and rates of sea- floor spreading, explaining how ,
paleomagnetic data are used in studying eart story, and locating
older/younger sea floor parts. (Author/JN) i : ,
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NAGT Crustal Evolution Education Project

. Edward C. Stoever, Jr., Project Director

Welcome to the exciting world of current research
nto tne composiion history and processes of the
earth s crust and the applhication of this knowledge
to mans activitiés The earth sciences are
currently experiencing a dramauc revolution in
2uf understanding of the way 1n which the earth
~orks CEEP modules age designed to bring+nto
the classroom the methods and results of these
contnuing investigations The Crustal Evolution
Ed.cation Project began work in 1974 under

ne a,spices.of the National Association of
Geslngy Teachers CEEP materials have been
de,2i0pes- by teams of science educators
2rassroom leachers and scientists Prior to
c.0kangn ir2 matenals were field tested by
cretriap 200 teachers and over 12 000 students
C,rrent orasia evorution research 1s a breaking
seurytbar stugenis are iving through today

1

About CEEP Mod\hles...
4
Yost CEER ~oauies consist of twe, booklets a .
_T=atners Guoe and 3 Student Investigation Tre

Teanners Gu as oontamns ail the information

. and ustratl ons e the Student investigation
Linssectsrs onntsdan CoIor lmmdoo oniy for the
‘wazner 3s nel as answers 10 the Questtcms that
are roodgd in tne Student Iwostmatlon
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sore modules there are nustrations that
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Teachers and students’alike have a unmique ~
opportunity through CEEP modules fo share in the
unfolding of these educationally imgortant and
exciting advances CEEP modules are designed
to provide students with appealing firsthand
investigative experiences with concepis which are
at or close to the frontiers of scientific inquiry into
piate tectonics Furthermore the CEEP modules
are designed to be used by teachers with httie or
no previods nackground in the modern theortes,
ot sea-flook spreacing continental dnft and plate
tecton.cs !

We know tnat you will enjoy using CEEP
moaules th your ctassroom Read on and be
prepared to expenience a renewed enthusiasm for
teacring 3s you learr more about the hiving earth
i tnis ang otner CEEP modules

N

2

= vArying gaantihes accordm“ to the method of

:fespﬂ‘?v.m Reac over the module before

Sf"mumg itc ase in class and refer to the hist of

MATERIALS in the module )

Each moygle s individual and self-contained }\n
conient bul some are divided info two or more
CArS f)r convenience Tne recommended length
T nfumetoreach module sindicated Some modules

SOqinre Qrorwmus;tp knowledge of sgme aspects

of Basic eartn science this is notedan the -

Teacners Guide -




Which Way" Is North?

. INTRODUCTION &= : R T : , 2 =R
This module wili give the students first- hand Over long periods of time, the earth’s magnetic

experience with the concepts of magnetic polarity field changes directions. We know that rocks
and polarity reversal. Students will learn .” record the €arth's magnetic field at the time at
'the probable significance of linear patterns of W which they are formed This Is called paieo-
normal and reversed polarity observed to be magnetism. With this knowledge, measurementg_
associated withrmid-ocean ridges. Thep the - made at sea aliow us to find out a great deal

- students will apply this inference to a calculation about the past. movements of the earth's crust In
of sea-floor spreading rates, based on plotting these activities, you will be doing the same
of actual data, for an area of the Atlantic ‘ thing that scientists haye done (n working out the
Ocean south of Iceland. * . history of crustal ch7(geks !
You would expect a magnetic compass needle to . . P

point toward the north aRd south magnetic ' .
poles Since continents can dnft or move around, ’

can you depend on the two poles to stay tn
the same places”? "

PREREQUISITE STUDENT BACKGROUND .\ o oo oo it ciemsrmbonine 5 e i S50
This module assumes that the student is ) It will be helpful to have Iocal maps (road
acquainted with the,basics of magnetism and of maps or topographic maps will do) and a woyid
latitide, longitude, and geographic poles. globe or atias in the:room when working on
The physiography of the ocean bottom (i.e., this activity. In making some of the requirgd
~ mid-ocean ridges) should have been covered in calculations, it may be necessary to remind the
your class. L students that there are 1000 meters in a kilometer,
, " . and 100 centimeters in a meter. Beyond that,
. . v . *  the arithmetic is very simple. -
1] ) * s '\‘
0 BJECT!VES Qs T E TS SRty e s b 1ot T e - TmelLs ook T WSNGED N~
After you have completed these actlvmes you ‘ ' ‘
should be able to . .
1. Use a compass to determine the dnrect(on of a*
magnetic field o oo : ,
2. Use data on magnetic field direction and age.. I " & .
' of rocks in the sea floor to find direction and s
rates of sea-floor spreading ’ ‘ ' .
3, Explain how paleomagnetic data are used in ;
studying the- history of the earth. I oL -
4 Locate the older and younger parts of the sea * : “
floor with reiect to mid-ocean ridges,
§ . 1
‘ ' ' [} . . . -
- . ‘
- - “/; . ~
. " “
. . .
@ 1 , .
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* Bar magnets—one for each group of student

'y

-
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* 10 for each set of boxes used. .

Compasses—one for each group of students.

10 boxes to a set—shoe boxes, ar.any. similar
boxes available. :

Metric fulers—one for each group of students.

NOTE: Students may work individdaily or in
groups of any size, depending upon amount of
equipment available; groups of three to four are
recommended. Orfe set of boxesawill suffice;
twp or three are desirable.

[

You will need bar magnets, the “north” end of
which attracts the north-seeking end of the
compass needle. This is in contrast to the ruie that
like poles repel one another. The easiest way to
handle this is to relabei the north end of the .
magnets south, and label the south end of the
magnets north. This is an artificial device to make
the bar magnets act like the earth’s magnetic
field. Explain this fully to any students who

see a contradiction in what happens with the
magnets andcompasses. M

The relabeled bar magnets that the students use
at the outset of this activity can also be used in the
box activity (step 6 of PROCEDURE, PART A)\'
You will need one bar magnet for each box

that youuse. Shoe boxes are ideal for this

activity because of their size and shape. Butlyou
can use any bgxes you have on hand to make
a.pile as long as you can find the orientation

of each magnet with a compass. Place the bar
magnets in the boxes, in the orlentation as shown

BACKGROUND INFORMATION - -5 =

»féu;;»‘;,;;’: T~

Scientists know regrettably littie about the
processes that are responsible for the magnetism
of the earth. Beyond the observation that the
magnetic' field originates inside the earth,
probably in the fluid outer portion of its iron core,
our ignorance is aimost complete. We do know
that most of the earth's magnetic field behaves
ery much as if it were caused by a short,
powerful bar magnet, or dipole, at the center of
the earth. No such dipole exists, of course;

the interior of the earth jp far too hot to permﬁt
simpte permanent magnets {o exist. Instead, the
dipole fleid must originate as a consequence

of huge electrical currents flowing in a pattern of
loops or rings in the llquld metal of the outer
core. The sclence of paleomagnetism,

involving the study of the magnetism of rocks,
shows that the edrth’s magnetic field has behaved
in an essentially dipotar ménner. ‘

]
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in Figure A, and tape them in place. Number
the boxes as shown in Figure A, and put a

label or mark-at the bottom center of the gnd of
each box to show the students where to hold
their compasses lo find the polarity.
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Figure A. The relabeled bar magnets are taped to
the boxes which are then stacked.
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An interesting property of the magnetic field
caused by electrical current flowing in a loop Is
that it reverses direction If the direction of the
electrical current filow is also reversed. Set up

as in Figure B, the compass needle will
compiletely reverse its direction If the wire
hookups to the terminals of the battery are Inter-
changed, so that the current In the wire loop
flows In the opposite directlon.

The analogy of the reversing magnetiq fleid caused
by reversal of dtirrent flow In a wire loop has .
direct relevance to the earth because the )
magnetic record retained by many common rocks
shows that the earth’'s magnetic fleld has .
undergone hundreds, perhaps thousands, of
simliar polarity reversals during the past several
biilion years. For instance, the thick piles of
basaitic lava flows, of which Iceland Is composed,
retain a record of the magnetic fleld that

‘
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existed at the time each flow cooled. Naturally,
the oldest flows (first formed) are at the’bottom of
the p|Ie and the youngest (last formed) at the

top, These piles of lavas have 'been studied

very carefully by investigators from Erigland,
Holland, and the United States. It'was found that
nearly half of the flows are magnetlzed .
approximately parallel to the earth’'s present
magnetic field (called “pormal”); an equal number

" are magnetifed nearly opposite (cal

“reverse”) to the present field. Only tiny fraction
are magnetized in any other direction {so-called
“transitional” flows). Flgure_C shows a ciiff

face with a series of ofder normal flows at the
bottom, 8 series of younger reverse flows at ~

the top, and transitional flows in between,

During the past 50 million years, normal and
reverse intervalsshave averaged approximately
100,000 years in length. There seems to have been
at least 170 polarity transitions in the last

80 million years; the most recent was 700,000 N

. yearssago.

Al < .
»h .

.. Figlire B. Combﬁass needle held at centgr of,wire
loop points 90°:te plane of loop when dlrec(
current is flowing. Arrows show current flow.
Reversing the current flow wlli cause the, needle to

point in the Opposite dfrectIOn {
o s" N . . - .
’ ok .
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Two things.which we would like very much to
know about the earth’s magnetic fleld are the
causes of polarity transmons and the behavior of
the magnetic fie)d when a tranSition occurs. i
Unfortunately, at present we have very imperfect )
answers to both questions. During a transitlon the

‘intensity of the earth’s magnetlc field seems to

fall to very low levels and it$ direction appears to

change somewhat errqtlcally Perhaps the

dipole part of the fleld slowly disappears and then
bailds up again in the opposite direction, leaving

only the non-dipole part of the field to govern

the compass needle during transition. As to what

“causes transitions, we are almost completely “at

sea”. Transitions seem to be random processes,
perhaps triggered by a number of different causal
factors that occasionally, and accidentally, find
themselves working together. The only difference
between a normal and a reverse state of the earth’s

. magnetic field is that in a reverse period, the
" south end of the compass needle would point in
. the general directio% the north geographic pole.
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Figure C. Arrows show difection of magnetism of
individual lava flows in lceland. The earth’s
magnetic field is oriented steeply downward

to the north in Iceland today. Iceland shows many
such sequences of glternately magnetlzed lavéd
tiows.
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Certainly the most exciting and scienttflcally

\ fruitful outgrowth of the study of magnetic
reversals has been the confirmation of the new
theory of sea-floor spreading and the re-
establishment and virtual proof of the closely
related earlier theory of continental drift. These
topics are discussed more fully in other modules.
Here it is necessary only to describe processes
acting at the mid-ocean ridge system (of which
the Mid-Atlantic Ridge is a good example).

-

Just below the crest of the ridge, hot ductile
rock that has moved up slowly from deep in the
earth’'s mantle turns laterally outward and
moves away from the ridge crest, carrying a iayer
of cooler, more brittle rock passively along with it,
llkke egg crates on'a conveyor belt, Moreover, as
the hot mantle rock approaches the surface,
the pressure exerted on it by the weight of the
overlying rock decreases sufficiently to allow
melting to begin. A small fraction of the
upwelling mantle rock is theréby converted into
magra, which seeps out at the 3urface and
quickly freezes to form the basaltic lower part of
the ocean fioor. The basalt at the ridge crest is
thus very young; for the most part a few tens
of thousands of years old, or less. Naturally, ag the
undgrlying ductile rack moves laterally away from
the;id/ge crest, the basaltic java flows (and
various other products of partial melting of
the upweiling -column) move along with it. Thus,
the conveyor belt can be thought of as providing
its own “egg rates”. Figure D illustrates this }
*  process, which, of course, is known as “sea-fipor
- spreading”. ]

[y

. ! v
\
™
Mid-ocear ndge ——
r—zﬁ .
Crest Partial meiting
NP to produce

basaltic magma

Cooi pnttie rocx
moving passively

away from the
rndge crest 7

LHoz ductile matenal
movirig upward from
deep in the mantie

. EKC""& D. Cross-gsectlon of ridge.

- side of the ridge ctest, have a hagnetism that 7
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The basaltic lavas and similar rocksthat form at
the ridge crest become magnetized as they cool,
and they pick up a magnetic direction that is
related to the direction of the earth’s magnetlc
field at that time. Thus, If axmagnetometer

(a device which is used to measure the strength of
a magnetic field) is brought neat the crest of

the Mid-Atlantic Ridge, it records a greater
intensity than expected hecause.the magnetic field
of the normally.magnetized rocks enhances

the present magnetic field;of thé earth., However,
rocks formed roughly one thillion-years ago

were magnetized at d time when the geomagnetic
field had reverse polarity. (The present—
“norm¥&l”—magnetic epoch began about 700,000
years ago.) These rocks, which in the million years
of their.existence have been carried by sea-floor*
spreading roughly 10 kilometers to either

is approximately opposite to the earth’s present,
or normal direction. Their magnetic effect
subtracts from the geormragnetic field. A magne-
tometer towed back and forth over a segment '
of the mid-ocean ridge system thus maps long

nbbons of alternating high and low magnetic field
mtensnty “(termed positive and negative | -
anomaties). At most ridge crests the sea floor

spread$ equally to either side of'the ridge,

-producmg magnetic alnpes that are symmetrlcal

a!ong both sides of the crest of the ridge (see ' N
Figure E). The magnetic anomaly pattern thus 4 .
records the history of transitions of the geo-

magnetic field. An analogy can be drawn-between

the sea floo{ahd a magnetic tape recorder.

-

~

Reversed '
Normal ﬁﬁ \ ¢

:
Zone ot cooling

Figure E. Magnetic anomaly pattern. .
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. This explanation for the pattern of magneétic stripes-
on the sea fioor in terms of spreading and )
changes in the earth’s magnetic polarity is quite
important in the history of the earth sciences.

In confirming the sea-floor spreading concept, it
has opened up and made respectable a8 new
chain of logic (termed “plate tectonics”) that
provides answers t6 many questions about the
origin and nature of earthquakes, volcanoes,
mountain ranges, and even the continents

and oceans themseives!

SUGGESTED APPROACH stmsssesmimmesmtiom ucins:

Basically, these activities should be carried out.by
the students'as independent inquiry. Size of

the groups should be dependent on available
equipment and your strategy. The groups can‘work
through the various steps of the activities as

a class, or each group may proceed at its own pace.
These matters are left here to your own preferenge
and style. Open-ended activities (EXTENSIONS)
are gvailable for those students who proceed 1y
at a fastér pace, or wish to go into greater depth.

These activities are grouped into approximations
of three 45-minute class periods. Your

schedule may require extending some parts ohf'
regrouping others,

s lFS AR = EEI- - T -
e e 2SR

PROCEDURE

PART A Which way 1s north? .

In this activijy the students learn to use a compass
and to determine the orientation of bar

magnets concealed in boxes.

Key words: paliomagnetlsm paleomagnetic fleld,
polarity reversal, normal (polarity), reversed
{polarity) : . §

Time required: one 45-minute period .,
Materidls. bar magnets, compasse€s,-and boxes

1. Cdn you figure out which way 1s north?

What part of your classroom Is on the ndrth side?
Byslooking out of the windows doq.rv\'lay&to hall,
etc. have the students orient themselves and

find out which way is north and what part of the-
room is-the most northerly. A focal road map

or topographlc map may be P*Ipful here.

2. Examine your compass..What ¢ ors are at each
end of the compass needle?  _ ’
Here, the student should recognl

of the compass needle is a different color.

3. Which end of the needle points to the north?
(color).

T st e TR A

[}
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is step, the compass needle will point to
the north part of the room, thus establishing north
on the compass. The reason for this action,
though, is to find out which end of each compass
needle points north. On inexpensive compasses,
with poin¥rs usually one-half blue and one-half-

. sliver, some blues and somg silvers will point  ~

north. They ate not all magnetized uniformly, so»
the color of north has to’'be determined for

each compass and recorded by the students. Once
this is established, have each student use the
same compass throughout the activity. As it
becomes necessary to stop and start at another
time in the course of this actlvlty, the students
can easily find out again which end of the

neddle points to the north by checking which end
points to the north part of the classroom.

Note that in the next pa"ragraph of step 3 thereis a
comment addressed to the student, concerning
the fact that the bar magnet has been set up to
work like the earth’'s magnetic fleld. If a student ’
seks why like poles (the N'on the compass and
the N on the bar magnet) attract, explain that this
was done only for the sake of the demonstration
value of these actlvities. The purpose of this

wiil beéome clearer when the student works with
the boxes. -




- The bar magnets have been labeled. so that the
north-seeking end of the compass will point
to the north end of the magnet. in that way, the
bar magnets dre ke H{e earth's magnetic field. _

Put your magnet on this page as shown with
north at the top and south at the bottom.

4. Which end of the compasg’points to the north

end of the magnet? {color)

Here the students merely establish that the same

end (or color)of thelr compass needle that

points to the north part of the room points to the
. north pole of the bar magnet.

5. Which end of the compass points«o the south
end of the magnet? color)
The same applies to the south end. if you wish, you
may have the students take turns with thelr
team members in hiding the magnet under a
piece of paper and finding which end I$ which; or
.find the north and south ends of a bar magnet

+ -that you hold with a hand over each end. -

/

6. Look at the pile of five boxes that has been put

out for you to work with Imagine that each

box s a layer'of f§'neous rock, like an old lava fiow.

This rock cooled and hardened on the surface ®.,,

of the earth {ong time ago The age of some of the
_ layers i1s known and is given to you in the
~—8fagram here The magnetic field of each layer

has stayed the same as the earth's at the time the

rock cooled The magnetic field in this rock is

called the paleomagnetic field. You can iocate the

direction of the north magnetic pole at the ime

the rock formed by testing these layers of

rock with your compass .

Using the compass, find the north and south

Y

Place a set of five boxes (as described in the
MATERIALS section) on a table for each group of
studemts. The students wili find that in the pile

of boxes, representing a sequence of layered
rocks, the north and south magnetic pole
orlentations in the rogks have changed places
(l.e., reversed) in the’past.

Discuss with the others in your.group what you

* discoyered about the north and south magnetic

directions in these boxes. What you have
found 1s what geologists have found in layered
rocks at many places arownd the world. Now
answer these questions.

7. These boxes represent oid lava flows that piled
up on the surface of the earth and cooled to

form layers of hard rock. .-ﬁ; re

Which 1s the oldest tayer? hottom: no. 5
Which 1s the younge3f layer? top: no. 1
Obviously, as a sequence of layered rocks
accumulates on the surface of the earth, the layer
at the bottom is the oldest and the iayer at the
top is the youngest. This Is known as the principle
of superposition. .

8. What did you find out about the gorth and

south magnetic pole direction tn each layer?

Layer 1 N Is toward the magnetic nérth end of your room.
Layer 2 S Is toward the magnetic north end of your room.
Layer 3 N Is toward the magnetic north end of your room.
Layer 4 S is toward the magnetic north end of your room.
Layer 5 N Is toward the magnetic north end of your room.

The sjudents will find that you have placed the bar
magnets in alternating orientations.

~

You have just found that the magnetic field
in some layers is reversed This is called polarity

magnetic pole directions in each layer Label the reversal.
diagram here to show these directions
- y ‘
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9. What do you think caused these revers“als?
There are three ways of explaining-such a geries of
magnetic reversals. While these.{ayers of rock
were accumulating and preserving the magnetic
field record of their time: (1) t re north and south
magnetic poles changed placs (reversed) with
each other each time a layer of rock was deposited;
(2) the landmass or continent these rocks -
were on turned comble}ely around (rotated
180 degrees) in between the deposition of each
layer of rocks; (3)°‘ihe magnetic field in the tock

PROCEDURE -~ -z
PART B. How does paleomagnetism help explain
how the sea floor 1s formed? -

In this activity the students observe and m
pattern of alternate polarity reversals.

Key word: sea-floor spreading
Time required: one 45-minute period
Materials compasses and boxes

Start this activity by distributing compasses and
having the students find which end of the

needle points to the north end of the room. NoW,
place.two stacks of boxes (stacked exactly as
you had them in the first activity) side by side. |t
would be ideal to start with these on the floor,
between the ends of two tables or desks that face
each other'across an aisle or narrow 'space.

Then each time you bring up a pair-of boxes, the
students get the visual effect of the mantie

rising up at a ridge to form more of the earth’s
crust. If this carfhot be done, just set the two

sels of boxes aside and use the top of a table and
- proceed as follows. .

*

o

Continental crust —

Qceanic Crust — (lithosphere)

-«

LY
Upper mantie
.

-
¢ - . ' N

Mantie (adthenosphere)

Q

llustration Key
RIC ‘ .

!

couid have reversed by itseif. Ali of these hypoth-
eses could be used to explain the obsérvations,
but the reversals of the poles seems to be the one
most accepted by scientists. .

When the north magneticpole s foeated near

the north,geographic pole gnd the south magnetic
pole is focated near the south geographic:

pole, we call the'earth's magnetic field normal.
When the two,magnetic poles exchange places,
the earth’s magnetic field is reversed.

Have the students find the terms polarity _
reversal, normal and reverse polarity, in the text-

E

book or reference your class i3using. .

e S e Eagh e w g -
e s EagheTT s il

3;1—'—“. R R
You have found that north and south magnetic_
pole directions are preserved when rock is formed.
What wgld the patterns of polanty reversals

look like preserved in the rocks forming aiong a

mid-ocean ndge”? }

Most scientists believe that mid-ocean ridges are

¢*places where sea-fioor spreading is taking

place In this process, molten rock nises along the
ridge as the two sides of the ridge move apart

(Figure ¥) Then, new ocean floor is created by the’
cooling and hardening of this moliten rock
material '

-

Figure 1. Sea-floor spreading New ocean floor is
created as the two sides of the ridge move apart.

7
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In this activity, the boxes in the starting position
represent rocks forming in the middle of a
mid-ocean ridge. As the rocks move outward
(sideways), new rock is added to the ocean floor
-along the ridge.

1. Find which end of your compass needie points
to the north end of your room. Using the
compass, find the north and south magnetic pole
q"ec'tson in each box and label the diagram to
show these directions.

' |
. /
/
. A L/
. o/, /
E . /,
N\ /)
. . /, v

2. Do the same thing each timé your teacher adds
another set of boxes .

The arrows show which way the boxes are being
moved.

s

A. -Move the two #1 boxes apart, and insert the pair of #2 boxes in the middie position as shown.

Thége, of course, will have reversed polarity.

Q 3
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Put out the two top boxes (iabeléd #1) from tﬁg .
stack, as shown below, with their numbered ends

. toward the north part of the room. The h

students will find that the north magnetic
pole within the box is towards the n0rth eng of the,
room; thus it is norm’al
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B. Continue as before; moving the boxes out and putting the next pair In the middie.

+ .
4 ~
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Yy )
@ y
1 2 3 4 .
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You can, If you wish, ask the students 1o predlct‘what they will find if you put the #5 boxeg into

- the sequence; then dp’ it and let them check their predictions:
3. Using your observations' of polarity direction . ‘ ‘ *
shown in these boxes, draw a map of the polanty ' ,

- directions preserved in the ocean floor on
* both sides of a mid-ocean ridge. A map Is what you-

. would see if you were looking down at the earth. _ peme
"fhe map should iook something like this: . .
- N [} + -
» \t i '
R R R R
'.' )
¢ Rldge ,

£
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‘

i
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4. Explain what wouid happen if the ocean fidor If this happened, we wouﬁeventually observe a

spread. constan,t!y from a fldge whlle the - series of alternating revef¥®s on each side
* . " earth's magnetic fieid kep.t reversmg o of the ridge and the pattermor seq e onm one Lov e
N .o . 8ide would match that on the other side. (Be sure
"~ . ' : o "o stre'zs this last point.) The text which you *
s " g ] , ’ ., ,areusing posslbly has an illustration showing’this.
PRO.CEDURE T S ST I S O R S R A S ok e S e A b
. PART C What can be learned frem ohservations . a: Where do you thinK the Mid-Atiantic Ridge I1s
of polanty directions in the sea ﬂoor" ' > located on your map? What is your reasoh?
‘Here the studems piot real paleomagnetlc data * The most reasonable assumptich is that the
ahd find the dirgctlon and rate 91 ocean-fioor . . rﬁld-ocean ridge is where- the strip, of Present -
° spreading. - L normal magnetic orlentation Is located because L 4
* Key words: magnetoéméter, normal, reverse’ " that.is‘where new rock, squeezed up to form -

s " the ridge,-is now being magnetized in today’'s =~ ¢

- Time required: one #5-minute period
‘magnetic ﬂeld

Matenals. ruler 5 ] *

in this activity, yeu are going to act as marine b. What pattern do you see on your map”

geologists on a cruise You will collect magnetic There is a pattern of stripes. ,

data as you saif in a zig-zag pattern across the ¢ How can you explain this pattern? .

Mid-Atiantic Ridge just southwest of Iceland " The striped pattern is the result of new rock being

Table 1 shows the data which were collected formed as the magnetic fieidffverses periodically. ,
The data used here were collected during a™* Thus, you will find alternate zones of normal @
magnetic study of that area The scientists and reversed polarity with the same pattern .
used an-nstrument called a magnetometer, carried on each side of the ridge. .
aboard a U S. Navy plane. The magnetometer — ) N

does not have a compass needie that really
reverses. It measures the strength of the magnetic
field. When the nfagnetometer I1s above

reversely magnetized rock, i1t will show the fieid
to be weaker than when 1t is over n'ormaily -
magnetized rock

& 1. On the Worksheet, mark an X or an O at the ‘ .
location of each station on Tabie 1. Note that ’
the X indicates reversed magnetjsm and O

3

" Indicates normal magnetism. Where each age is ' " Table 1 » .
given, write pgxt to the symbof either the number vy Magnetic study’data: . .
10 (for 10 million years) or the Igiter P (for P ]
Present). Note the example of station 2 already ~ > i
lotted on the ma Notzth West Magnetic Age
P & map. Lati- Long-  Feld (miftion
Each student should do his or her own piotfing on Station  tude tude Qnranon Symbol years)
the map. h . ' 1 580° 28 0° ReVersed X
) - 2 ¥580° 29 0° Normal O 10my
2, After you have marked an of the normal and 3 585° 295° Reversed. X
reversed symbols and the ages that are given 4 58 6° 310° Normal < O  Presént
for some locations. draw one straight line with 2 gg 80 g; go Se"e'sfd é om
youruler that will connect all the stations where 7 e10° 33.0° Rg\:g::ed x y
the rocks are of Present age (P). This will ) 8 605° 310° Z% Normal o 10m y
separate the groups of 10 million-year-old rocks. .9 600° 300° Reversed X
Draw one straight line through each group of 10 600° 290° Normal O  Present
" 10 million-year-old rocks (10)." . , 1 5950 28 5° Reversed' X L
2 10 y (10) 12 590° 275° Nermal O 10my e
13 58 5° 26 0° o Reversed X
. 1 14 590° 25.0° Reversed X -
. ° T35 600° 24 0° Reversed X
~- . 16 61.0° 24 5° Normal (0] 10my
17 610° 255° Reversed , X
- 18 61 5° 26 0° «Geversed X
- . ' 19+ ) 615° 26 5° Normal . O  Present
' 20 620° 275° Revers X
- ° 21 62 0° 28.5° Reversed X ’
. 22 620° 290° - Normal O 10my
. 23 62 5° 30 5° Reversed X

13 g
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3 Draw arrows on your map to show 1n what
" direction the ocean floor on each side ob the ridge
"is moving. How do you know this? p

The left-hand side of the sea floor is moving to the
northwest because the ocean floor is youngest
near the ridge and gets older as you go out

on each side of the ridge. The right-hand side is
moving southeast. .

4, Jf a car travels 100 kilometers in‘two hours,
how fast is it going (kilometers) per hour?”

How can you find“out How fast the ocean floor Is
moving on each side of the ndge?

The way to approach this problem is similar to
flnqmg the speed (rate) at which a car travels. If
a car travels 100 km in two hours, we divide

the d|§tance by the time (100/2), and find that it
was going 50 km per hour. By measuring the
distance which the ocean floor moved away from
ty®ridge in®a known period of time, we can
calculate the rate of movement in a similar fashion.

\‘\

-

!.

<

K}

¢

"5, Find the rate (1n centimeters per year) at which

the ocean floor 1s moving in the area of Iceland.
(Remember that 1 km equals 1000,m, and 1 m
equals 100 cm. Therefore, to conve/r} kilometers to
centimeters, you must add 5 zerosto the
number of kilometers.) ~

Frorh the diagram which they have made, the
students can see that it took 10 million years for
each of the two outer normal stripes or zones

to get where they are from the ridge. Using
the:scale at the bottom of the page (they can cut
out the scale and use it like a ruler), they

should measure the distance from the Ime of the
present zone to the'line of the 10- mlllion ~year
zone. Have them do this first on offe side of the

* ridge and then on the other side. If they get a

different distance on each side due to the vagaries
of how they drew their diagram, encourage

them to averade the two distances and use that
figure. Actually, there will probably be a riety

of distances found by the students, ranging

from about 125 km to about 150 km. This is
tolerable and depends entirely on the accuracy of
their plotting of the data and the drawing of their
lines. This might be a good time to hold a class
discussion on reasonable limits of accuracy.

In working out this calculation we will use 150 km,
as the distance, but we will provide rough
apbroximations for the other possible distances
that the students may have used. There are 1000 m
in a kilometer, so 150 km is equal to 150,000 m,
Similarly, there are 100 cm in a meter, so

150,000 m equals 15 million cm. It's just a matter
of adding the zeros. If you divide 15,000,000

(the distance in centimeters) by 10,000,000 (the
time in years), you get 1.5 (simply move the
decimal point an equal number of times). There-
fore, the rate of movement is 1.5 cm per year. For

“the other possible distances the rates are:

125 km—-1 25 cm per year
130 km—1.3 cm per year
140 km—1.4 cm pqe,ye’?

7

-

Within the limits of accuracy of this activity, these -

are all acceptable rates, for they are close to

the correct magnitude for this area as determined
by- oceanographers. N

Point out that 1.5 cm is about the width of their
thumbs ‘(they can check this with a ruler), or

the amount their fingernails grow in one year.

s

-
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6. If the sea filoor spreads at a constant rate,

what is the age of the sea fioor at station 147

The age is about 26 m.y. Point 11 Is about twice as
far as the 10 m.y. lifte. -

-

(8

‘ 7. Now that you kRow the rate at which the ocean
floor IS moving, use ttys figure to find out how

v fast the ocean floor fis sp¥eading apart on the two
sides of the ndge :

If the sea ﬁoor on each slde of the ridge has been
moving away from the ridgé at a rate of 1.5 cm
per year {(rate.of motion); then the spreading
rate, or rate at which the two sides have
been moving apart from one-another, will be -
exactly twice that rate of motion, or 3.0 cm per

. year. Spreading rates for other motion rates which
the students may have come up with are:

“ Motion Rate * XSpreading Rate

1.25. cm/ye 2.5 cm/yr
1.3 cm/yr . 2.6 cm/yr
1.4 cm/yr . . 28 cmlyr

it the students-each put their thumbs together,
side by side, they can see how much the sea floor
spreads apart in one year.

The first two quesuons are‘relatively easy; the
. third is considered more difficuit.

. 1. You have iooked at just a small portion of the
. * . approximately 64,000 km_ of mid-ocean ridges.
Do you thmk that what you found southwest

of Iceland muight be found alongside the rest of
the ridges? Al ™~

By lnferenéz, what Wa\\iQUnd on both sldes of the

mid-ocean ridge south ofticeland should be

" found alongside all the ridges because all the

< rldges and ocean floor are formlng in the same
way.
2. How far out from the ridge area that you
studied would you &xpect to find the magnetic

" reversal patterns? .

- Since the ocean flpor forms at the ridges and
spreads out on both sides, the reversal pattern
should be found all the - way out to the,
contlnents on bothisldes of the oceans (actually, to
the bottom of the.continental siopes).

o

y <

. -

. ® *

SUMMARY QUESTIONS s

3. As you go away from a mid-ocean ridge, how
do you think the age of the bottom sediment on the
ocean floor changes”?

If the ocean floor Is formed at the ridge and

spreads out, then the sediment that accumulates

(from the water) near the rildge would be carried
. outward as the ocean floor spreads. Therefgre,
sediment deposited later on the newer ocean,
floor bottom, near the ridge, would be younger. in
fact, it has been found that the bottom sediment
on the ocean floor is progressively older in a
direction away from the ridges.

¢

.

~
-
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EVALUAT!ON spea

¢

" in addition to a wr'\ten (formal) evaluatlon you -

can observe the students participation and
performance as a means fof.infOrmaI evaluation.
Alternatively, you may wish to give each student

a map of‘an grean with the mid-ocean ridge

shown, and ask them to draw in. the magnetic ‘
reversal pattern, show whnch way the ocean floor |
-is'moving, and label the oider: and younger

parts of the ocean fiogr. , : .

.

EXTENSIONS T R T, *%ﬁxm%a; e e

<

1. You found a spreading rate for the océ/an floor

just southwest of iceland. Now measure the ‘
ydistance in kilometers from Labrador to Great

Britain on a map. Can you figure out how long.ago

North Amenca and Europe, separated? Compare

the number of years that you get with a

geologic time scale'to see in what geologrc period

your answer would fali

This is just a matter of working the’spreadlng rate
probiem in reverse. Your students probably
arrived at a spreading rate of 2.5 to 3.0 cm per
year in the ldst part of question number 6 in
PART C. Let them use whatever figure (ip that
range) 'that they got then in this activity. From
-globes or atlases in your classroom, your
students wil} find that it is approximately 3,060 km
from Labrador to Great Britain (multiply miles’

by 1. 61 to get kilometers). They may get any
number from this up to 3,260 or so. Within the
realm of accuracy for this activlty, these values
are acceptable.

-

The problem now resolves into dividing the
distance in centimeters by the rate-of movement.
tJsing 3,060 km and 3.0 cm per year, we get:

306,000,000 cm . '
T = 102,000,000 yrs
3.0 cm/yr 0z )," -

A rcugh‘apbroximatio\n of the answers your class
will get is as follows:+

cm/yr 3,060 km 3,26Q km .
2.5 122 m.y. 130 my.

2.6 118 m.y. 125 my.

2.8 109 m.y. 116 m.y.

3.0 102 m.y. 109 m. y-

When you compare the range of years found here_
with a geologic time table, you wlil discover

that the time falls within.the Cretaceous Perlod,
which was 85 to 135 miltion years ago. It was
actually during the Cretaceous that the iand-
masses now known as North America and

Europe began to break ?part if your students end
up with an approximation of a M!ddle Cretaceous

" - date (102-130 m.y.), they have done very well

L

T v e U s
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2, Sea-floor spreading occurs throughout all of the
ocean basins of the world. What does this
suggest has been happening to the size of the
earth as time has gone on? Does your conclusion
seem reasonabie to you?

. Since sea-floor spreading apparently has taken

place, can you invent any pessibie explanations
which would result in the earth staying the same
size even though sea-floor 'spreading 1s taking
place? Make a list of these other possibilities. See
If you and your clas$mates can agree on what is
most likely the correct {or most reasonable)
solution to this probiem.

' our students may suggest that the earth is
expanding. As the eart expands, it may push new

. crust out of the mid-ocean ridge.

One explanation is that while new material is
beingadded to the earth’s surface, other material
is being destroyed somehow. Anotherexplanation
for the size of the earth may be that the entire
earth expands and then contracts. Both of

these have been suggested by scig<ntlsts and are
valid theories. You may want to discuss this
further with your students when using other
modules.

o
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CEEP Module

Class CLASS PACK
Periods Catalog No.

¢ A Sea-floor’ Mystery: Mapping
Polarity Reversals

¢ Continents And Ocean Basins: -

+ Floaters And Sinkers

¢ Crustal Movement: A Major Force
In Evolution

¢ Deep Sea Trenches And Radioactive
Waste N

* Drifting Continents And Magnetic
Fields —

" » Drifting Continents And Wandering

Poles
o Earthquakes And Plate -
Boundaries
o Fossils As Clues "&Q Ancient
Continents
¢ Hot Spots In The Earth’s Crust
¢ How Do Continents Split Apart?
¢ How Do Scientists Decide Which Is
The Better Theory?
¢ How Does Heat Flow Vary In The
Ocean Floor?
¢ How Fast Is The Ocean Floor
Moving?
Iceland: The Case Of The Splitting
Personality
imaginary Continents: A Geological
Puzzle
s Introduction To Lithospheric
Plate Boundaries L
e Lithospheric Plates And Ocean
Basin Topography
. Locatlng Active Plate Boundaries
By Earthquake Dafa
¢ Measuring Continental Drift:The
Laser Ranging Experiment
Microfossils, Sediments And
Sea-floor Spreading
¢ Movement Of The Pacific Ocean
Floor
¢ Plate Boundaries And Ear(hquake
Predictions = .
¢ Plotting The Shape Of The Ocean
Floor
¢ Quake Estate (board game)
¢ Spreading Sea Floors And Fractured
Ridgeg
¢ The Rise And Fall Of The Bering
Land Bridge /
* Tropics Inh Antarctica? .
s Volcanoes: Where And Why?
s What Happens When Continents
Collide?
¢ When A Piece Of A Continent
Breaks Off
¢ Which Way Is North?
¢ Why Does Sea Level Change?
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NAME

DATE

INTRODUCTION - - -

You would expect a magnetic compass needle to
pomt toward the north and south magnetic
poles Since continents can drift or move around,
can you depend on the two poles to stay in

the same places? .

i

N

S R

OBJECTIVES

After you have completed these activities, you
should be able to
1. Use a compass to determine the direction of a
magnetic field. b .
2. Use data on magnetic field direction and age
of rocks In the sea floor to find direction and"
rates of sea-floor spreading.
LI~ 3. Explain how paleomagnetic data are used in
studying the history of the earth.
4. Locate the older and younger parts of the sea
Do floor with respect to mid-ocean ridges.

® R, nt
evolution  « Student. nvestigation -~
PROJECT Catalog No 34W1132 _— A
- . 7
. '. . N :v :' ‘
Which Way'ls North? -
A “ ‘
\ , ‘
. , ~ .
- 3

h

-

Over long periods of time, the earth’s magnetic
field changes directions We know that rocks
record the earth's magnetic field at the time at
which they are formed This 1s galled paleo-
magnetism. With this knowledge, measurements
B
made at sea alfow us to find out a great'deal
about the past movements of the earth's crust In
these activities, you will be doing the same
thihg that scientists have done in working out the
history of crustal changes

0o
.
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PROCEDURE R
PART A Which;way 1s north? .

Materials. "bar magnets, compasses, and boxes

"1. Can’you figure out which way is north?

What part of your classroom is on the north side?
2. Examine your compass Wt\at cdlors arAe at each
end of the compass needle?

3. Which end of the needle points to the north?
(color)

The bar magnets have been Iabeled so that the
north -seeking end of the compass will point |

to the north end of the magnet In that way, the
bar magnets are like the earth’'s magnetic fleld

Put your magnet on this page as shown wnth
north at the top and south at the bottom

4. Which end of the compass points to the north
end of the magnet? (colork «

5. Which end of the compass points to the south
end of the magnet? (color)

ST A BEOTN e T L LT ARIDE ReRES L g elF e 2 Dta i o
LR ST A =R ™ Lesi oS

6. Look at the plleyof five boxes that has been put
out for you to work with imagine that each

box is a layer of igneous rock, like an old lava flow.
This rock cooled and hardened on the surface

of the earth a long time ago. The age of some of the
layers 18 known and i1s given to you in the
diagram here. The magnetic field of each layer
has stayed the same as the earth's at the time the
rock cooled. The magnetic field in this rotk is
called the paleomagnetic tieid. You can locate the
direction of the north magnetic pole at the time
the rock formed by testing these layers of

rock with your compass

Id

Using the compass, find the north and south
magnetic pole directions in eagh layer Label the
diagram here to show these directions

. Discuss with the others in your group what you
discovered about the north and south magnetic
directions in these boxes What you have
found 1s what geologists have fqund in layered
rocks at many places around the world Now

answer these questions . }

7. These boxes represent old lava flows that piled
up on the surface of the earth and cooled to

form layers of hard rock /

Which is the oldest Iayer’7/___' -

Which 1s the youngest layer?

-

-

Magnetic south end of your room
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8. What did you find out about the north and south
magnetic pole direction in each layer?
A

Layer 1

Layer 2

Layer 3 . . ’

Layer 4 |

Layer 5

-PROCEDURE ]

PART B How does paleomagnetism help explain
how-the sea floor is formed?

. Materiais. compasses and boxes

You have found that magnetic north and south
pole directions are preserved when rock 1s formed.
What would the patterns of polarity reversals

look like preserved in the rocks forming along a
mid-ocean ndge?

hY
‘

Continental Crust —

L]
. Oceanic crust —— (hithosphere)
L
Upper mantle -
: Mantle (asthenosphere) J
\ , 23
) . . ’
Elkklc«lustratnon Key -

[AFui e providod oy eric [l

You have just found that the magnetic field
in some layers I1s reversed This is called polarity
reversal. : :

.

9. What do you think caused these reversals?

«

When the north maghetic pole 1s located near

the north geographic pole and the south magnetic _

pole is located near the south geographic

pole. we call the earth’'s magnetic field normal.
When the two magnetic poles exchange places,
the garth’s magnetic field is.reversed.

Most scientists believe thatmid-ocean ridges are
places where sea-floor spreading Is taking

place In this process, molten rock rises along the
ridge as the two sides of the ridge move apart
(Figure 1) Then, new ocean floor Is created by the
cooling and hardening of this molten rock

material

Figure 1 Sea-floor spreading. New ocean floor s
created as the two sides of the ndge move apart.

3
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in this activity, the boxes in the starting position
s represent [ocks forming in the middie of a . ’ -

mid-ocean ridge As the rocks move outward . s

(stdeways), new rock 1s added to the ocean fioor

along the ridge

1. Find-which end of your compass needie points
to the north end of your room. Using the -

/, compass, find the north and south magnetic pole
direction In each box and label the diagram to .
show these direGtions. i - >

1

2. Do the same thing each time your teacher adds
' another set of boxes.

The arrows show which way the boxes are being s
* . moved

P




Aruitoxt provided by Eic:

3

W

3. Usmg your observations of polarity’direction
shown in these boxes, draw a map of the polarity
directions preserved in the ocean flogor on

both sides of a mid-ocean ridge. A map i1s what you
would see If you were looking down at the earth.

¥




4. Explain what would happen if the ocean floor ) a coe
spread constantly from a ridge white the ' T .
earth’s magnetic field kept reversing .~ . -

o
<

pROCEDURE M T g i 23 D e T e ‘“{‘3".?‘:":}%«?14%‘%7}%
PART - Eoy What czn be learned ffom observations © 'Table 1.

of polanty du(eotnons In the sea floor'7 s rﬁagnetxc study data.

Mafenals, rg)lgr

In this activity, you ate going to act as marine ' ILV;’,m Zvc’e:;I_ gzlgdnenc ;\rgznon\
geologists'on a cruisé™ will collect magnetic Station  tude tude 4 Orientation Symbol years)
data as you sail in a zig-z&¥ pattern across the *  580° 28 0° Reversed X
~ Mid-Atlantic Ridge just southwest of Iceland. 2 580° 290° Normal O 10my
*~ Table 1 shows the data which were collected. 3 585° 285°  Reversed X
The data used here were collegted during a 4 585 31 0° Normal O  Present
_-magnetic study of that area. The scientists 2 gg‘go g; gn . zz‘:::fd é  tomy
used an instryment calfed a magnetometer, carred 7 610° 33 0° Reversed X
aboard a U 3/ Navy plane The magnetometer 8 ,50%° 310° Normal 0 10my" A,
does not have a compass needie that really ) 9 800° 300° Reversed X
" reverses If measures the strength of the magnetic 10 600° 290° Normal O Present
field When the magnetometer s above :; 23 ga ?73 20 Si‘:'::fd é 10y ‘
reversé#y magnetlzed rock, it will show.the fieid 13 58 5° 26 0° ‘* Reversed X .
to he weaker than when it 1s over normally N 14 590° - 250° 'Reversed X" ‘
magnetized rock. ~ 15 600° 24 0° Reversed X y '
: 16 610° 24 5° Normal o} 10my
4 1. On the Worksheet, mark an X or an O at the 17 61 0° 25 §° Reversed X
location of each station on Table 1 Note that 18 615° 26 0° Reversed X
the X indicates reversed magnetism and O 19 615° 26 5° Normal O  Present
+ indicates normal magnetism Where each age is 20 620°  275°  Reversed X
¢ given, write next to the symbol either the number g; ,gg go ;g go ) zz‘:;’:fd é 10 my
10 (for 10 mulhion years) or the letter F (for 23 B25° 30 5° Reversed X
Present) Note the example of station 2 aiready ,
plotted on the map b What pattern do you see on your map? \ .

2. After you have marked all of the normal and
reversed symbols and the ages that are given )

- for same:focations, draw.one straight line with f
your ruler that will connect all the stations where

- the rocks are of Present age- (P). This will

® separate the.groups of 10 million-year-old rocks.
. Draw one straight line through each group of ’ .
-10 mullion-year-old rocks (10). ‘ x .

.- a. Where do you think the Mid-Atlantic Ridge is
located on your map? What is your reason? ™ .

¢ How can you explain this pattern?

it
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3. Draw arrows on your map to show in what
direction the ocean floor on each side of the ridge
is moving. How do you know this?

4, If a car travels 100 kilometers in two hours,
how fast 1s it going (kilometers) per hour? |
How can you find out how fast the ocean floor is
moving.on each side of the ridge? L

' o

¢

5. Find the rate (in centimeters per year) at which,
the ocean floor is moving in the area of Iceland.
(Remember that 1 km equaﬁ 1000 m,and 1 m
equals 100 cm. Therefore, to convert kilometers to
centimeters, you must add 5 zeros to the

number of kilometers.)

2

L d

If the sea floor spreads at a constanjyate,
what 1s the age'of the sea floor at station 147

7. Now that you know the rate at which the ocean
floor 1s moving, use this figure to find out how"
fast the ocean floor is spreading apart on the two
sides of the ridge.
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SUMMARY QUESTIONS oo s s s e S R m St TN s A o oo o AR

1. You have iooked at just a small portion of the

» - approximately 64,000 km of mid-ocedn ridges.
Do you think that what you found southwest

‘ of Iceland might be found aiongside the rest of - -
the ridges?

4

i'_" ) . ‘ B . . ' N )
* 2. How far o/ut from the ridge area that you . .

studied would you expect to find the magnetic .
_ reversal patterns? Q ¢

e / 7
s . - f
i' - ' ‘ ’
3. As you go away from a mid-ocean ridge, how .
do you think the age of the bottom,sediment on the 4
ocean floor gchanges? ¥ ( T
- " )
et
/ ]
. K .




EXTENSIONS s onttsriosss Bt hss oo s

1. Ypu found a spreading rate for the ocean floor
just s‘buthwest af Iceland. Now measure the
distance in kilometers from Labrador t@ Great
-Britain on a map. Can you figure out how long ago
North ica and Europe separated? Compare
the nuteber of years that you get with a

geologic time scale to see in what geologic period
your answer would fall. "

ki

"~

ocean basins of the world. What does this
suggest has been happening to. the size of the
earth as time has gone on? Does your conclusion
seem reasonable to you?

Since sea-floor spreading apparently has taken
place, can you inyent &ny possible explanations
which would result in the earth staying the same
size even though sea-floor spreading is taking
place? Make a list of these other possibllities. See
if you and your classmates can agree on what is
most likely the correct (or most reasonable)
solution to this problem,

30
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